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Abstract—A half-loop antenna is considered, placed 
perpendicularly to an infinite ground plane. By partitioning 
antenna’s conductor into short segments interconnected with 
lumped capacitances and/or inductances it is possible to produce 
an omnidirectional radiation pattern in a vertical plane and at 
the same time match the input impedance(s). The described 
segmentation-design procedure is convenient for the printed-
circuit antennas and it can also be applied to other types of 
printed-circuit antennas. 

I. INTRODUCTION 
As sketched in Fig. 1, the half-loop  antenna (HLA) is a 

conducting loop located in the x-z plane.  If the circumference 
of the loop is very small in comparison with the operating 
wavelength, the resulting radiation pattern is omnidirectional in 
the x-z plane like being produced by an ideal magnetic 
moment. Such a pattern may be desirable for communication 
with non-stationary satellites. An example of such application 
is the geo-positioning system (GPS), where the signal level 
should not depend on the elevation angle.  

 
Fig. 1. Half-loop transmitting antenna above the ground 

plane. 

As long as the conductor length of the HLA is shorter than 
one-quarter wavelength, the input impedance has a negligible 
real part in comparison with the imaginary part so that an 
efficient impedance matching is impossible to achieve. At 
higher frequencies,  the imaginary part of the impedance 
becomes smaller and the real part larger, hence the matching 
can be achieved. The problem is, at those frequencies the 
radiation pattern is no longer omnidirectional, and may exhibit 
nulls. This is mainly caused by the fact that the phase of the 
current is not uniform. The goal of the present investigation is 
to modify the HLA in order to achieve an omnidirectional 
radiation pattern in the x-z plane and also to assure an effective 
match to the input impedance of the order of 50 Ω. It will be 
shown that such a goal can be achieved with the so-called 

segmentation, a procedure that can easily be realized with the 
printed-circuit antennas. 

II. SEGMENTATION DESIGN PRINCIPLE  
It has been shown recently that an open loop antenna of 

circumference about one wavelength can be designed to 
produce an omnidirectional pattern with the use of 
segmentation [1-2]. A HLA with its image against a perfectly 
conducting ground plane in the x-y plane, radiates in the upper 
half space an identical pattern as a full loop antenna presented 
in [1]. Therefore, the same segmentation procedure may be 
applied to HLA. Figure 2 shows a HLA divided into 7 
segments. We consider the short gaps between the segments to 
represent ports, where we can insert lumped circuit elements, 
typically capacitances or inductances. 

 For an operation as a transmitting antenna, there are two 
possible ways of excitation: as a one-port or as a two-port. The 
one port excitation is shown in Fig. 1, where port 1 is short- 
circuited to ground and port 8 is excited by a voltage source. 
We will consider here the two-port excitation, where the ports 
1 and 8 are simultaneously excited by two equal and opposite 
voltage sources. 

 
Fig. 2. Half-loop antenna partitioned into segments. 

The preliminary antenna design is started as follows. An 
electromagnetic (EM) simulation software is used to generate 
the impedance matrix of the 8-port shown in Fig. 2. A 
straightforward circuit analysis can solve for the input 
impedances at ports 1 and 8, given any combination of loading 
lumped reactances placed at the gaps.  From the known current 
values at the ports it is possible to make reasonable 
assumptions about the directivites of the HLA in the z and x 
directions. An objective function is then defined that minimizes 
the input reflection coefficients and also equalizes the 
directivities in the x and z directions. The values of the 
individual loading reactances are then determined by 
optimization. The optimization is based on the circuit analysis 
of a constant antenna impedance matrix. Therefore, the 
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computation is finished much faster than performing it directly 
with the EM simulation software. 

III. SIMULATION AND MEASUREMENT RESULTS  
The design principle will be illustrated on the following 

HLA example. The lengths of the segments 2 to 6 are equal to 
20.7 mm while the lengths of segments 1 and 7 are 10.3 mm, 
so that the total length of the half-loop plus its image is 248 
mm. This is equal to one wavelength at 1.23 GHz, which is one 
of the frequencies utilized by the GPS. The gaps at ports 2 to 7 
are 1 mm long and the gaps 1 and 8 are 0.5 mm long. The strip 
width is 5 mm, and the substrate is a 32 mil Rogers RO4003C. 

The impedance matrix of the HLA is generated with the 
software HFSS [4]. The optimization is based on the circuit 
analysis of that impedance matrix under variable reactance 
terminations jXi at ports i=2 to 7. The symmetry of the HLA 
requires X2=X7, X3=X6 and X4=X5. For the frequency of 1.2276 
GHz, the optimized element values are C2=C7=0.261 pF, 
C3=C6=0.258 pF and L4=L5=12.96 nH. The capacitance values 
are then estimated from the parallel-plate approximation of the 
overlapping segments and the inductances are materialized 
with small circular loops as indicated in Fig. 3. With these 
lumped-element values, the HFSS software yielded already a 
very good performance.  

 
Fig. 3. HLA in printed-circuit version. 

The final design step involves direct optimization of the 
overlapping dimensions creating the capacitances and of the 
radii for the inductive loops, using the HFSS software. The 
simulated radiation patterns for an infinite ground plane are 
shown in Fig. 4. Assuming an infinite size ground plane, the 
directivities in the z and x directions are 3.9 and 3.8 dBi 
respectively, indicating a good omnidirectional property.  

 
Fig. 4. Simulated radiation patterns in xz (solid) and yz 

(dashed) planes. 

The printed circuit model of the HLA has been fabricated 
on the ground plane of the size 20 by 24 cm. The substrate for 
the feed network and ground plane is a 62 mil Rogers Duroid 
5880. As can be seen in Fig. 5, the feeding microstrip circuit 
contains a half-wavelength section for achieving the 180° 
phase shift and a dual-section impedance transforming circuit 
to match the two 50 Ω antenna ports into a single 50 Ω input 
port. 

 
Fig. 5. Fabricated model of the HLA. 

 The simulated and measured reflection coefficients of the 
fabricated model are shown in Fig. 6. Although the relative 10 
dB bandwidth is only 6%, this fact does not appear to be an 
inherent property of the segmentation. A relative bandwidth of 
33% has recently been predicted for the segmented monopole 
antenna [3]. 

 
Fig. 6. Input reflection coefficient of the fabricated HLA. 

IV. CONCLUSION 
By using the segmentation procedure it was possible to design 
an oversized magnetic dipole radiator in a form of the two-port 
HLA that is matched to 50 Ω inputs.  
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